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Pre- and Post-Mining
Water Quality at ISL sites:
Emphasis on Kingsville Dome

Richard J. Abitz, PhD
Geochemical Consulting Services

August 5, 2011
EPA Region VI meeting with STOP, Victoria, TX




Overview of Discussion Topics

Natural uranium and radium background _m<m_m In
groundwater contacting uranium ore

Valid background water quality in
proposed aquifer exemption zone

Excursions and upper control limits (UCLSs)
Restoration values and timeframes
Long-term monitoring to assess plume

migration and protect human health
and the environment




Natural Background Levels

Difficult to measure due to reducing conditions
In ore zones and exploratory drilling

Drilling disturbs ore zone...may introduce oxygen

Unknown if ‘natural’ background ever determined
for uranium ore bodies

Possible to achieve with proper scientific approach
(e.g., geoprobe methods and reducing drilling
fluids during exploration)




Uranium Levels in Undisturbed Ore Horizons
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Exploration Boreholes — Early Phase




Exploration Boreholes — Late Phase
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Drilling Issues Related to Redox Disequilibrium

Physical change to the ore minerals
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Drilling Issues Related to Redox Disequilibrium

Chemical reactions in the ore zone

1202 + H20 + FeS2 — 2H* + Fe** + 2S04
202 + 2H* + UO2 — H20 + UO,*

Airlift purge and pump adds O,




Mineral Dissolution Rates

General form of rate law (Lasaga, 1995)":

Rate = I8, . "o FaRTgh Sqll P a% NG )

Increase in both surface area (Amin) and
O, activity (an,,) will increase dissolution rate.

1 Lasaga, A.C., 1995, Fundamental Approaches in Describing Mineral
Dissolution and Precipitation Reactions, in Reviews in Mineralogy,
Volume 31, Chemical Weathering Rates of Silicate Minerals,
Mineralogical Society of America.




Median Values for Ore Zone Wells

Site Uranium Radium-226
(mg/L) (pCi/L)

HRI Crownpoint, NM 0.010 0.09

Mobile Pilot Plant, NM 0.011 1.6

Strata Energy Ross, 0.031 3.2
WY

Hydro Resources, Inc., 1993a. Section 9 Pilot Summary Report. Prepared by HRI,
Inc., Dallas, Texas, March 12. NB 6.2, ACN 9304130415.

Hydro Resources, Inc., 1993b. Church Rock Project Revised Environmental Report,
March 16. NB 6.1, ACN 9304130421.

Strata Energy, 2010, Ross ISR Project USNRC License Application Crook County,
Wyoming.




Geoprobe Method
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No drill cuttings

Very accessible

Good water sampling

Quick setup
Small diameter well installation

Weakly cemented sediments




Valid Background Water Quality

Representative samples from proposed aquifer
exemption zone (early exploration phase)

Appropriate drilling (reducing fluids), well
development (low turbidity) and sampling methods

Minimum of 4 quarterly sample rounds
Robust QA for field & lab dups; data validation

Valid statistical methods for data manipulation
used to derive background values




Representative Groundwater Samples
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Improper Drilling and Development Methods

Chemical reactions in the ore zone

L0 + FO + FeSo — 2H: + Fet™ + 2504
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Goliad Production Test Wells Sand B

URANIUM: Apr 2008:  0.005 to 0.804 mg/L
July 2009: <0.003 to 0.090 mg/L
Nov 2009: <0.003 to 0.010 mg/L
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' Uranium Energy Corporation (UEC), 2007, Golia'd'ﬁtoject, Goliad
County, TX, Application to Conduct In Situ Uranium Recovery.




Uranium solubility as a function of Eh
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Production Test Wells (PTW), Sand B

RADIUM: Apr 2008: 10 to 1,680 pCi/L
July 2009: 17 to 2,000 pCill
Nov 2009: 10 to 1,590 pCi/L
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Uranium Energy Corporation (UEC), 2007, Goliad Project, Goliad
County, TX, Application to Conduct In Situ Uranium Recovery.




Establish Baseline for the Entire Ore Body

- Before Mining

PAAZ2 baseline
established 2 years

after mining began
at PAA1

TCEQ Approval:
PAA1: 12 April 1988
PAA2: 28 June 1990

EPA (2011) recognizes that
appropriate baseline is not
recorded at many ISL sites

EPA (2011), Considerations Related to Post-
Closure Monitoring of Uranium ISL/ISR Sites
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2011 2" Q Monitoring Results and TCEQ Restoration Values

pH = Cl Ca HCO3 S04 Mo Ra-226

umhos mg/L mg/L mg/L mg/L mg/L  mg/L pCi/L

PAA1 well average 1715, . 100 - 75 124 364 318 1.38 nr
PAA1 Permit Value 1717 0164 = 234 : 20.8 268 204 1006

PAA2 well average
PAA2 Permit Value

PAA3 well average
PAA3 Permit Value

NOTE: Restoration values established with invalid statistical methods.
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Excursions and Upper Control Limits

Wells in monitor well ring (MWR) are evenly spaced
(400 feet); no consideration of sediment heterogeneity

No scientific or statistical basis for the values derived

for upper control limits (maximum value, plus arbitrary
factor)

Production zone wells are used to establish UCLs,
rather than wells from MWR

Invalid methods allow legal pollution of groundwater




Monitor Wells spaced 400 feet apart do not capture
preferential flow paths within fluvial sediments




Upper Control Limits for excursion monitoring are invalid

Maximum values in the Production Zone (PZ) are used to set upper
control limits (UCL) at the Monitor Well Ring (MWR)

Chloride and Conductivity: max value + 25 percent
Uranium: max value + 5 mg/L
Uranium UCLs and average U at MWR:

U UCL Avg U at MWR
PAAL: 597 mg/L 0.057 mg/L

PAA2: 8.75 mg/L 0.019 mg/L
PAA3: 6.54 mg/L 0.023 mg/L

NOTE: This practice allows legal pollution of the
groundwater outside the MWR!




Uranium values in Garcia Well W-24
date U (mg/L) Data Source
6/18/98 0.152 EPA Region VI, 2004 investigation
9/19/00 0.187 EPA Region VI, 2004 investigation
Spring 2010 0.771 Texas A&M, Kingsville
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Restoration Values for Mining Zone

Establish early in the exploration process, after
rough delineation of the ore body

Proper drilling and development (or geoprobe) of
wells to minimize disturbance of ore

A minimum of 4 quarterly sample rounds for
regional background locations (random or grid)

Valid statistical theory and methods to derive the
numerical restoration standard for entire ore body




Delineation of the Ore Body

URANIUM RESOURCES, INC. Initial Permit Dec 1986
 KINGSVILLE DOME
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2011 2" Q Monitoring Results and TCEQ Restoration Values

pH Ec Ci Ca HCO3 S04 Mo Ra-226

umhos mg/L mg/L mg/lL mg/L mg/L mg/L pCi/L

PAA1 well average 1715, 100 175 . 124 364 318 1.38 nr

PAA1 Permit Value 1717 0.164 234 208 268 204 0.06 21.6

PAA2 well average
PAA2 Permit Value

PAA3 well average
PAA3 Permit Value

NOTE: Restoration values established with invalid statistical methods.




ISL Restoration in Texas is a Failure

‘Regarding the original question of whether or not groundwater
has been restored to baseline in Texas uranium ISR well fields,
it was observed that no well field for which final sample results
were found in TCEQ records returned every element to baseline.’

USGS Open-File Report 2009-1143

If restoration is unsuccessful when invalid, biased baseline
values are used, how can there be success when baseline
values are derived with proper statistical theory and methods?




Long-Term Monitoring of ISL Sites

In its anticipated revisions of 40CFR192 to cover the
ISL industry, EPA (2011) will consider long-term
monitoring as part of the regulatory standards.

NRC license-established period is generally 6 months

Actual period to stabilize groundwater will be at least
as long as the period of mining (several years)

Heterogeneous sediments — slow
bleed from fine grain beds

EPA (2011), Considerations Related to Post-
Closure Monitoring of Uranium ISL/ISR Sites




Long-Term Monitoring of ISL Sites

Responsible behavior

to protect human health
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Pumping in Kingsville has
created a regional cone of
-depression of ground water

levels and is drawing
‘ground water from all
directions. At URl's
uranium mines, the ground
water velocity is about 75
feet per year toward
Kingsville. Private wells
most vulnerable to
contamination are in the
identified flowpath and
nearest the northwest
comer of the mined area.
Well # 1 serves nine (9)

homes.
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